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Optimization of Dye-sensitized Solar Cells Prepared by Pechini Sol-Gel Method
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Abstract: Functional TiO, films were prepared by using a facile one-step Pechini Sol-Gel method. The intrinsical
contribution mechanism of film thickness to the photo-to-electric performance of DSSC was explored with analysis
of interfacial charge recombination effects, on which, the characteristics of DSSC were optimized via film thickness
controlling. The influence of TiO, film thickness on dye absorption, charge recombination process and photovoltaic
performance of DSSC were by UV-Vis, electrochemical impedance spectroscopy and /- test under dark condition,
respectively. The results show that as TiO, film thickness increases, the light harvesting efficiency and photocurrent
of DSSC increase, which were induced by the enhancement of dye absorption. However, the photovoltage decreases
gradually with the increaese of electron recombination probability. As an increase, combination of the positive and
negative effects above enables the Pechini-type DSSC efficiency first increase and then decline, with an optimum
efficiency of 7.75% at the film thickness of 10.7 pum, in contrast to 6.5% of the routine method.
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Fig. 1 Different magnification SEM images of routine TiO, films (a,b,c) and Pechini films (d, e, )
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Fig. 2 XRD patterns of TiO, films of (a) routine-type and (b)
Pechini-type
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Fig. 3 Absorbance spectra of N719 dyes in ethanol (a) and the fitting plot of the extinction coefficient at 530 nm (b), and absor
bance apectra of N7.9 dys in desorption solvent (c)
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Table 1 Absorbance, EIS and photo-to-electric parameters of DSSC prepared by Pechini Sol-Gel method
Thickness x107 R R i

Method type - ) guﬁcn?z) e e flnwllz s 7\/ /(mAJ~S;m'2) ro

S| Routine 3.3%0.1 0.583 36.7 8.7 15.5 10.3 0.701 5.43 0.675  2.57
Pechini 3.240.1 0.715 44.5 10.6 11.2 14.2 0.756 6.27 0.683 324

$ Routine 45402 0.978 22.9 8.3 23.0 6.9 0.693 8.92 0.679  4.20
Pechini 4.4+0.2 1.318 353 7.9 14.5 11.0 0.720 9.31 0.722  4.84

3 Routine 7.5+0.2 1.524 13.7 7.7 46.4 3.4 0.690 11.73 0.721  5.85
Pechini 7.3£0.1 2.095 234 9.3 26.3 6.1 0.702 13.18 0.726  6.72

s4 Routine 10.91+0.2 2.230 10.1 10.8 83.3 1.9 0.658 13.39 0.744  6.56
Pechini 10.7+0.4 3.768 16.7 7.6 35.0 4.5 0.685 15.22 0.743  7.75

Routine 12.94+0.3 3.441 6.6 7.2 100.2 1.3 0.662 13.87 0.719  6.60

53 Pechini 12.6£0.3 5.304 13.1 8.3 87.3 1.8 0.632 12.68 0.717  5.74

24 BIRAENBFEH/ESTRE

AT M2 TR i L ) S T LA A R,
K AN R 16928 St BT (BIS) AT R A4E . &
5(a)Nyquist EIS 7 FF 5 B 035 32 v A X
(10°~10° Hz) FUEAAX (0.1~10° Hz) i 1§ 4> 2F 5 41 1,
Sy AIRE N A Pt AR/ H AR O S T LA A i (BELAE R

CPE1 CPE2 ! ' CPE3

FTO/MTi0,

Ti0/Electrolyte |i£]ecb[l:!'1o|l_yte| Electrolyte/Pt

AR )

Phase / ()

Lol o F

0 - T B R AT M &
0.01 0.1 1 10 100 1000 10000 100000
Frequency / Hz
K5 W& 4F-0.7 V ik T Pechini Y DSSC ) EIS &1

Fig. 5 EIS spectra of Pechini-type DSSC with —0.7 V external
bias potential under dark condition

(a) Nyquist EIS; (b) Bode EIS. The top view in figure (a) is equivalent
circuit of DSSC
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